Aflatoxins (AFs) are severe toxic metabolites produced by mainly Aspergillus flavus and A.
out by either normal or reversed phase methods. However, the reversed-phase LC is recommended to use in routine analysis. Because toxigenic organic solvents are recently required to avoid their use in the laboratory. For example, chloroform is a most common solvent in the application of normal phase LC, but it possesses a carcinogenic activity and causes the destruction of the ozone layer.
Several works have been reported that gas chromatography mass spectrometry (GCMS) is useful tool for determination and confirmation of mycotoxins, such as aflatoxins 4) ochratoxins 5) , trichothecenes and zearalenone [6] [7] [8] [9] , in foods and feeds. A liquid chromatography mass spectrometry (LCMS) technique has been recently introduced to determine some mycotoxins [10] [11] [12] , however, limited information is available for AFs analysis.
Recently, Goto et al. 12) have reported a modified LCMS method using thermospray interface (TSI) in order to improve the previous analytical condition, and the detection limit of AFs was about 10 ppb in the samples of maize and peanut meal. However, their detectable levels for AFs are insufficient for routine analysis. In this paper, we describe an application of LCMS using electrospray ionization (ESI) for AFB1, AFB2, AFG1, and AFG2 in food samples. Also, a reversed phase LC analysis with fluorescence detection was simultaneously carried out to estimate the data obtained by the LCMS/ESI. 
Experiment

Apparatus and chromatographic conditions
Preparation of standards solution
Each of standard reagents, AFB1, AFB2, AFG1, and AFG2
was dissolved in toluene-acetonitrile (9:1, v/v) solution at the concentration of 1 g/ml, and were
Mycotoxins 108 stored at 4 in the dark until use.
For working standard of LCMS analysis, each of stock AFs solution was equally pipetted and transferred to a vial, and then it was diluted with toluene-acetonitrile (9:1, v/v). The final concentration of each AFs was 10 ng/ml. The standard solution was pipetted appropriate 0.01-10 ml to a 10 ml tube, and evaporated to dryness at 40 under gentle stream of nitrogen. In the case of LC analysis, the standard preparation was same as described above.
Preparation of samples
The extraction and cleanup steps for AFs were carried out according to the method reported previously 13) . Briefly, 20 g of fine ground sample was poured into a 200 ml
Erlenmeyer flask followed by adding 40 ml of acetonitrile-water (9:1, v/v) for nuts and cereals, and 160 ml of those for spices. After shaking for 30 min, the mixed solution was centrifuged for 5 min at 3,000 rpm (1,650 g). The supernatant obtained was filtered through a glass microfiber filters GF/B (Whatman Int. Ltd., Maidstone, UK). A 5 ml portion of the filtrate was applied to a cartridge column.
After passing through at a flow rate of 1 ml/min, 1 ml of the first eluate was collected. A 0.5 ml portion of the eluate was transferred to another tube, and then it was evaporated to dryness at 40 under gentle stream of nitrogen.
LCMS and reversed-phase LC analyses
AF standards and purified samples were dissolved in 1 ml of mobile phase solution for nuts and cereals, and 0.25 ml of those for spices, and vortex-mixed well. A 6 l portion of the solution was applied to LCMS/ESI. All AFs tested was monitored at a protonated molecule, [M+H] + with dwell time of 1,000 ms per ion. The selected ions (m/z) monitored for the target were 313 for AFB1, 315 for AFB2, 329 for AFG1, and 331 for AFG2, respectively.
For LC analysis, 0.1 ml of TFA was added to a test tube containing aflatoxin working standard or the purified sample. The tube was vigorously vortex-mixed and stood for 15 min at room temperature in the dark, and then it was diluted with 0.9 ml of acetonitrile-water (1:9) solution. A 20 l portion of the solution obtained was tested for the reversed phase LC analysis. ( Fig. 1) , as described in the method.
Results and Discussion
LCMS and LC analyses
As for the detection limit of AFs in the LCMS, the data obtained showed that all AFs tested was detected at the concentrations of more than 1 ng/g with S/N>10. In the detection limit of AFs, our LCMS/ESI method was superior to the LCMS/TSI method reported previously 12) .
In addition, the quantitative linearity of four AFs tested was obtained at the range of 0.5-10 ng/ml and gave the correlation coefficient of 0.99992-0.99998 (Fig. 2) . The relative standard deviation was less than 4.34 % at the concentration of 10 ng/ml of aflatoxins after six times repeated injection. The results obtained here demonstrated that our LCMS/ESI with SIM mode method provides good determination for four AFs tested.
For sensitive detection of AFs in the revered phase LC with fluorescence detection, Takahashi 14) had treated AFB1 and AFG1 with TFA, which makes hemiacetal AFB2a and AFG2a with a strong Vol. 52 (2), 2002 109 fluorescence. However, this analytical method has disadvantage to the repeatability of AFs detected.
In the case of our LC analysis, the repeatability of AF standards was tested at concentrations of 0.1-10.0 ng/ml. After five times repeated injection, the relative standard deviation obtained was within 0.32-4.18 % (data not shown). 
Practical application of LCMS/ESI method
The LCMS/ESI method was applied for the detection of AFs in the samples of peanuts, pistachio nuts, almond, maize, nutmeg and red pepper, which were harvested from several markets in Kobe City. After cleanup by the MF-A cartridge column, the LCMS/ESI analysis of AFs was tested for the samples of peanuts and nutmeg that were spiked with 1 ng/g of AFs (Fig. 3) . The LCMS chromatograms with SIM mode showed no interfering peaks with S/N>10. The data obtained from other samples and cleanup by another #228 cartridge column was almost same. No interfering peaks were found at detectable levels of 1 ppb on the chromatograms. Vol. 52 (2), 2002 111 A: Standards at concentrations of 1 ng/ml, B: Spiked sample (1 ng/g aflatoxins) in peanuts, C: Spiked sample (1 ng/g aflatoxins) in nutmeg. 1: aflatoxin B1, 2: aflatoxin B2, 3: aflatoxin G1, 4: aflatoxin G2
In conclusion, our LCMS/ESI method described here assured the excellent repeatability and linearity for quantitative analysis of AFB1, AFB2, AFG1, and AFG2 at concentrations of 0.5-10 ng/ml.
The [M+H]
+ ions for AFB1, AFB2, AFG1, and AFG2 provided the capability to detect them at the concentration of 0.5 ng/ml. In addition, AFs could be detected at the concentrations of more than 1 ng/g (S/N>10) in the food samples, such as peanuts, pistachio nuts, almond, maize, nutmeg, and red pepper. Further research is in progress to clarify foods and feeds capable for the determination of AFs in LCMS/ESI analysis, and also to validate its application in routine.
